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Abstract Pupal diapause was investigated in several populations of Atrophaneura alcinous at 
the Kanto District, eastern Japan. First, photoperiodic response curve for diapause induction 
differed between the populations of Kamakura (lowlands habitat) and Gotenba (mountain 
habitat). For the Kamakura population, photoperiodic response was of the long-day type, and 
critical photoperiod was about 13.5 hr at 25°C, and 14.5 hr at 20°C. On the other hand, for the 
Gotenba population, although the response was of the long-day type, about 60% of pupae 
entered diapause under a long-day photoperiod of 15L-10D or 16L-8D at 20°C. Similar 
diapause occurrence at cool temperature under a long-day photoperiod was found- in other 
mountain populations. Second, effects of pupal chilling and photoperiod on termination of 
pupal diapause were also compared between the Kamakura and Gotenba populations. The 
results show that although effect of chilling was slight, pupae terminated earlier under long-day 、. 
photoperiod than short-day one in both populations, and that pupal period was longer in the 
Gotenba than in the Kamakura population. Therefore, it is suggested that incidence and 
termination of pupal diapause vary between the local populations. These differences are 
discussed from the viewpoints of altitude and host adaptation. 
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Introduction 


In insects, regional variation of diapause within or among species depends not only on 
climatic conditions related to latitude and/or altitude, but also local variations such as food 
resource and microhabitat (Danks, 1987). Many investigators have shown that geographical 
differences in induction, maintenance and termination of diapause are related to latitude 
change (Danilevsky, 1965; Tauber et al, 1986), but local variation in diapause phenomena 
has attracted less attention. 


In Japan, the papilionid butterfly Atrophaneura alcinous (Klug) is commonly distributed 
from the north of Honshu through Kyushu to the Ryukyu Islands, and classified into five 
subspecies (Fukuda et al, 1982). Although this butterfly has basically several generations 
per year, and overwinters at the pupal stage, voltinism seems to vary locally. In the lowlands 
region (e. g. Tokyo) of the temperate mainland of Japan, flight season of this butterfly 
(subspecies a/cinous) starts in late April, and continues till September. On the other hand, 
in sOme mountain areas the flight season starts in late May, and the number of flying 
butterflies greatly decreases in August when the air temperature is still adequate for larval 
growth and reproduction (Harada, pers. comm.). To understand such variation in the life 
cycle, experimental work on pupal diapause in local populations of this butterfly is needed. 
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Fig. 1. Location map of butterfly populations in the Kanto District, eastern Japan. 1) 
Tsukuba, 2) Tokorozawa, 3) Fuchu, 4) Kamakura, 5) Isehara, 6) Tsukui, 7) 
Gotenba, 8) Awa-Kominato. Open circles show the population where Aristolochia 
debris is used as host plant. Closed circles show the population where A. kaempheri is 
used. 


In the present paper, effects of photoperiod and temperature on diapause induction and 
termination are investigated in two local populations (lowlands and mountainous) of this 
species. For diapause induction, other local populations were also investigated. 


Materials and methods 


Adult females and early stages of A. alcinous were caught in the fields of Kamakura, 
Kanagawa Prefecture, 35°20’N, about 40 m in altitude and of Gotenba, Shizuoka Pref., 35°20’ 
N, 800 m (Fig. 1), and their offspring were used. Beside these, living materials were collected 
from other localities of the Kanto District: Tsukuba, Ibaraki Pref, 36°10’, 20 m; Tokoro- 
zawa, Saitama Pref., 35°50’, 150 m; Fuchu, Tokyo, 35°40’, 50 m; Isehara, Kanagawa Pref., 35° 
30’, 300 m; Tsukui, Kanagawa Pref., 35°30’, 300 m; Amatsu-Kominto, Chiba Pref., 35°10’, 
350m. Host-plant species used is Aristolochia debris (Fig. 2A) in the habitats of Kamakura, 
Tsukuba, Tokorozawa, and Fuchu, while Ar. kaempferi (Fig.2B) in those of Gotenba, 
Isehara, Tsukui and Amatsu-Kominato. 


After hatching, larvae were kept in transparent plastic cups (11 cm X 6.5 cm) under various 
photoperiods at 20 and 25°C. Fresh leaves of Ar. debris were given as larval food. 
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Fig. 2. Two Aristolochia species. In A. debris (A), the veins are low with tender and small 
leaves while in A. kaempferi (B), they are tall with tough and large ones. 





Fig. 3. Color variation in pupae of Atrophaneura alcinous. Left: non-diapause pupa. 
Right: diapause pupa. 


In this species as well as other papilionid butterflies, dimorphism of pupal color occurs (Fig. 
3). Non-diapause pupae are bright yellow in color, while diapause pupae are light brown. 
Although such difference in pupal color is linked with the diapause occurrence, pupae which 
did not eclose within one month are referred to as diapause pupae at 25°C and 16L-8D, but 
pupae eclosing within one month as non-diapause ones. For non-diapause pupae, period 
from pupation to adult emergence was mainly from 11 to 14 days in all populations. 
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Diapause termination was investigated in the Kamakura and Gotenba populations. 
Diapause pupae (30-40 days after pupation) obtained under the above experiments were used. 
As these pupae experienced different photoperiods and temperatures, they were mixed 
randomly to reduce influence of larval rearing condition. They were chilled at 5°C for 0 days 
to 120 days, and then transferred under 12L-12D or 16L-8D at 25°C. Periods from pupal 
transfer till adult eclosion were examined. 


Results 


Photoperiodic response .curves for induction of pupal diapause at 20 and 25°C in the 
Kamakura and Gotenba populations 


Photoperiodic response differed between two populations (Fig. 4). For the Kamakura 
population, percentage of diapause pupae produced at 20°C were 100% under 14L-10D or less, 
and was low or zero under 15L-9D or more. At 25°C, the percentage was 90-100% under 
13L-11D or less, and it was low or nil under 14L-10D or more. On the other hand, for the 
Gotenba population, diapause ratio under 13L-11D or less was high at 20 or 25°C, but 
diapause ratio under long-days differed greatly between the rearing temperatures. In particu- 
lar, diapause ratio under 15L-9D or 16L-8D reached about 60%. 


Table i. Larval duration and pupal weight under 10L-16D and 16L-8D at 20 and 25°C in 
two populations of A. alcinous. 








Population Temperature Photoperiod No Larval duration Pupal weight 
CC) (days) (g) 
Kamakura 20 10L-14D 0 (ND) ー = 
20 (D) 31.7 土 2.4 1.31 +0.12 
ns ns 
16L-8D 20 (N) 31.2+3.3 1.28 +0.10 
0 (D) = = 
25 10L-14D 2 (ND) 22 1.20 
27 (D) 23.8 士 2.1 1.29 土 0.14 
ns ns 
16L-8D 47 (ND) 22.1 土 2.0 1.28 土 0.15 
0 (D) ー - 
Gotenba 20 10L-14D 0 (ND) = = 
17 (D) 34.4+1.9 1.33+0.15 
ns ns 
16L-8D 13 (ND) 31.2+2.2 1.45 土 0.19 
17 (D) 35.6 土 2.7 1.46 土 0.14 
25 10L-14D 0 (ND) 7 ー 
24 (D) 24.0 土 1.9 1.38 土 0.14 
ns ns 
16L-8D 25 (ND) 22.6 土 2.4 1.47 土 0.14 
8 (D) 25.6 土 2.0 1.51 土 0.10 





Values show mean 土 SD. ND: non-diapause-destined. D : diapause-destineid. 
ns shows non-significant (Mann-Whitney U-test) between values of D at 10L-14D and ND 
at 16L-8D. 
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Fig. 4. Photoperiodic response curves of the Kamakura (a) and Gotenba (b) populations of 
Atrophaneura alcinous at 20 and 25°C. Numerals show sample sizes. Values between 
20 and 25°C at 14L-10D for Kamakura population and at 14L-10D or more are 
significantly different (p<0.01, Fischer’s exact probability test). 


Occurrence of pupal diapause under 10L-14D or 16L-8D at 20 and 25°C in other local 
populations 


In the above experiments in the Gotenba population, ratio of diapause pupae produced under 
16L-8D was high at 20°C. For other populations, therefore, occurrence of pupal diapause 
was examined. For the Tsukuba, Tokorozawa and Fuchu populations, ratio of pupal 
diapause under 16L-8D was nil or very low at both 20 and 25°C (Fig. 5). By contrast, for 
the Isehara, Tsukui and Awa-Kominato populations, diapause ratio under 16L-8D was high 
at 20°C although it was low at 25°C. Under 10L-14D at 20 and 25°C, diapause ratio was 
100% in all populations examined (sample size=11 to 22 per one population). 
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Fig. 5. Pupal diapause occurrence in other populations at 20 and 25°C under 16L-8D. Values 
between 20 and 25°C for Isehara, Tsukui and Awa-Kominato populations are 
significantly different (p<0.01, Fischer's exact probability test). 


Effects of chilling followed by 10L-14D or 16L-8D photoperiod on diapause termination in 
the Kamakura and Gotenba populations 


In both populations, where the chilling period was long, duration till adult eclosion became 
short (Fig. 6). However, shortening of total duration from pupation till adult eclosion was 
slight in spite of an increase of the chilling period at the same photoperiod. By contrast, a 
photoperiodic effect was found. The duration tended to shorten under 16L-8D as against 
10L-14D except in the case of chilling for 120 days, where it did not differ between 10L-14D 
and 16L-8D, and adult emergence was limited to a narrow range. Furthermore, pupal 
duration was slightly longer in the Gotenba than in the Kamakura population in any 
temperature and photoperiodic conditions. 


Larval duration and pupal weight under 10L-14D and 16L-8D photoperiods at 20 and 25°C 
in the Kamakura and Gotenba populations 


The results are shown in Table 1. For each population, there were little differences in larval 
duration and pupal weight between 10L-14D and 16L-8D at 20 or 25°C. This was true even 
under other photoperiods tested (data not shown). Even between populations, differences 
were not found at the same photoperiodic and temperature conditions. Of course, larval 
duration was shorter at 20°C than 25°C under the same photoperiods. 


Discussion 


The present experiments show that photoperiodic response curve for diapause induction 
differed between the Kamakura and Gotenba populations. For the Kamakura population, 
photoperiodic response was the long-day type, and critical photoperiod was about 13.5 hr at 
25°C, and 14.5 hr at 25°C. This is similar to that of the Japanese populations of Papilio 
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Fig. 6. Median and range from transfer into 10L-14D or 16L-8D at 25°C after various days of 
chilling till adult eclosion. Kamakura (a) and Gotenba (b) populations. Small bars 
show median. Sample sizes were from 8 to 14. Values between 10L-14D and 16L-8D 
at 0 or 30 days for Kamakura population and between 10L-14D and 16L-8D at 0, 60 or 
90 days for the Gotenba population are significantly different (p <0.01, Mann-Whitney 
U-test). Value between 10L-14D and 16L-8D at 30 days for the Ootenba population is 
significantly different (p<0.05, Mann-Whitney U-test). Other values are not 
significantly different. 


xuthus (cf Hidaka and Hirai, 1970) and Papilio protenor (cf. Ichinosé and Negishi, 1979). 
However, for the Gotenba population, about 60% of pupae entered diapause under a long-day 
photoperiod at 20°C. Similar diapause induction under a long-day and cool temperature 
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was found in some mountainous populations of the Kanto District, but not in other lowlands 
populations. These results suggest that interpopulational variation for diapause induction 
exists within the same climatic region, and that diapause incidence at cool temperature under 
long-day photoperiod depends on the mountainous habitat. A mountainous population of 
western Japan of A. alcinous also shows a similar diapause response (Takeda, 1993). 
Although such pupal diapause incidence under long-day photoperiod is rare in Japanese 
papilionid species, it has been reported in some populations of North American papilionid 
species such as Battus philenor (cf. Sims and Shapiro, 1983a) and Papilio glaucus (cf. Hazel 
and West, 1983). 


Two hypotheses will be raised for the cause of such unusual diapause under long day | 
condition. As the first hypothesis, it is considered that the direct adaptation to cool 
temperature from altitude difference may be related to increased ratio of diapause pupae. 
Air temperature is slightly lower at mountain areas than at lowlands. However, this 
difference is small and the flight season of the second generation in mountain areas is hot, and 
not so severe for larval growth and adult activity. Therefore, a difference in altitude between 
these localities may not or may only partly be implicated in diapause adaptation of this 
species. 


The second possibility relates to the adaptation to host-plant species used. Ar. debris used 
by lowlands populations is found under unstable environments such as river-bank, roadside 
and field, and as its vegetation is often cut during summer by human beings, renewed shoots 
and young leaves available for the adult females and young larvae occur during summer and 
autumn. By contrast, Ar. kKaempheri occur in mountain area such as the ridge of forest and 
highlands where young leaves and new shoots available are abundant only during the first 
flight-season of late spring to early summer (Kato, unpublished observations). Similar pupal 
diapause under long-day and cool temperature is seen in the pipevine swallowtail butterfly 
Baiius philenor (cf. Sims & Shapiro, 1983a, 19835). B. philenor also use Aristolochia 
species, whose phenology resembles Ar. kaempheri, but not Ar. debris, and its life cycle 
strongly depends on the quality of Aristolochia leaves because the leaves increase in toughness 
as the season proceeds. Thus, this hypothesis may account for the pupal diapause in the 
populations of A. alcinous which feed on Ar. kaempheri. 


These experiments also show that long-day photoperiod is effective for diapause termination 
of this species in both chilled and unchilled pupae of each population. One exception is the 
case of chilling for 120 days where photoperiodic effect is nil, suggesting that pupal diapause 
might have terminated with chilling of 90 days in the Kamakura population. On the other 
hand, in the Gotenba population, chilling period for 120 days or more is needed for complete 
termination of the diapause. Thus, intensity of diapause is deeper in the Gotenba than in 
the Kamakura populations. However, as diapause intensity in some species is altered by 
inductive factors such as photoperiod, temperature and diet (Danks, 1987), more careful 
experiments where the larvae are reared under the same inductive conditions are needed to get 
conclusive data. 


Unexpectedly, chilling itself was not effective for accelerating diapause termination unlike the 
cases of Papilio xuthus species (cf Ichinosé, 1974; Ichinose & Iwasaki, 1979) where diapause 
period was shortened by chilling. In addition, timing of adult eclosion was not concentrated 
into a narrow range by the chilling treatment. Sims & Shapiro (19832) demonstrated that 
the chilling temperature effective for pupal diapause termination and synchronized adult 
eclosion in B. philenor was 10°C, but not 5°C. If this is applicable to A. alcinous, chilling 
temperature used in this experiment may have been too low. 
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The experiments also show that pupal duration from pupation to adult eclosion is longer in 
Gotenba than in the Kamakura population, reflecting interpopulational variation in the 
depth of pupal diapause. 


In both Kamakura and Gotenba populations, larval period pupal weight did not differ 
between photoperiods unlike other multivoltine papilionid butterflies inhabiting the temper- 
ate region of Japan. In these butterflies, pupae are lighter in a short-day photoperiod than 
in a long-day one (Ichinosé, 1974; Yoshio & Ishii, 1998) although the larval period is the 
same between different photoperiods (Yoshio & Ishii, 1998). In A. alcinous, photoperiodic 
adaptation may be related to diapause incidence alone, but not to larval duration and pupal 
weight. ー 
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摘 要 
関東 地方 産 ジ ャ コウ アゲ ハ AH: 7 アゲ ハチ ョ ウ 科 ) に お ける 映 休 眠 の 個体 群 間 変 異 (加藤 義 
E) 


ジャ コウ アゲ ダ ゲハ (FLEW EATARRA L, 地域 に より 発生 時 期 や 回 数 に 変異 が 見 られ る が , 
その 理由 は 不明 で ある . 本 研究 で は その よう な 変異 を 理解 する た め に 以下 の 実験 を 行なっ た . 幼虫 の 
飼育 に は ウマ ノ ス ズ クサ を 用 いた . 

O まず , 鎌倉 個体 群 と 御殿 場 個体 群 に お いて 昌 休 眠 誘 導 に 対す る 幼虫 期 の 光 周 期 と 温度 の 効果 を 
調べ た . 鎌倉 個体 群 は , 長 日 型 の 光 周 反応 を 示し , 臨界 日 長 は 2??C で は 13.5 時 間 , 20°C で は 14.5 時 
間 で あっ た . 一 方 , 御殿 場 個体 群 は 長 日 型 の 光 周 反応 を 示し た が , RAAR ECS AIRTEL, 特 
に 20C で は 60% の 個体 が 休眠 に 入っ た . 

(2) 関東 地方 の 他 の 個体 群 に つい て も 調べ た と ころ , この よう な 長 日 条件 下 に も か か わら ず 比 較 的 
低温 条件 下 で 高い 休眠 率 は 津久井 , 伊勢 原 , ARNE E OMAR CASH. それ に 対し て , 筑波 , 
所 沢 , 府中 の 個体 群 は , 鎌倉 個体 群 同様 に 20C で も 長 日 条件 下 で は , ほとん ど 休 眠 交 は 生じ な か っ 

(3) さらに , 鎌倉 個体 群 と 御殿 場 個体 群 の 休眠 端 に お いて , 休眠 終了 に 対す る 低温 (SC) 処理 と 
日 長 の 効果 を 調べ た . 最長 120 日 間 の 低温 処理 を 行なっ た が , 休眠 終了 に 対す る 効果 は わずか し か 見 
られ な か っ た . 一 方 , 休眠 は 短 日 条件 下 よ り も 長 日 条件 下 に お いて より 早く 終了 し た . また , 御殿 場 
個体 群 の 方 が 鎌倉 個体 群 よ り も 休眠 が 深かっ た 

(4) それ め え , 本 種 の 遇 休眠 に は 個体 群 間 変 異 が 存在 する こと が 明らか と な っ た 

(5) 長 日 ・ 低 温 条件 下 で 休眠 する 個体 群 は 山地 に 生息 し , 寄主 は オオ バウ マ ノ ス ズ ク サ で ある の に 
WUT, 長 日 条件 下 で は 低温 で も 休眠 し な い 個体 群 は 低地 に 生息 し , ウマ ノ ス ズ クサ を 寄主 と し て 利 
用 し て いる . それ ゆえ , この よう な 地域 変異 の 原因 を , 標高 と 寄主 植物 利用 の 観点 か ら 議 論 し た . 


(Accepted February 19, 2000) 


Published by the Lepidopterological Society of Japan, 
5-20, Motoyokoyama 2, Hachioji, Tokyo, 192-0063 Japan 





NII-Electronic Library Service 


